Eight hundred and thirteen children who had had whooping cough when under 5 years of age in the 1977-9 epidemic were compared with a control group roughly four and a half years later, each child being matched by age and sex and from the same class in school. The index group showed long term respiratory sequelae of whooping cough-namely, deterioration in lung function, increase in respiratory symptoms, and increased admission to hospital for both upper and lower respiratory conditions. Asthma was significantly more common in the index group, suggesting that asthma was being regarded as a contraindication to pertussis vaccination.
Introduction
Before the early part of this century whooping cough was one of the commonest causes of death in children.' Most of the deaths were due to bronchopneumonia caused by secondary infection. A serious long term effect was bronchiectasis, occurring as a consequence of unresolved atelectasis at the time of the whooping cough.2 These serious pulmonary complications, however, have become much rarer since the introduction of antibiotics, which combat the secondary infection but have little effect on the whooping cough itself.6 Until recently we did not know whether whooping cough, as it occurs today, still has any long term respiratory sequelae. Johnson et al carried out a study on 360 primary school children with a history of whooping cough and compared them with 711 matched controls who had not had whooping cough. Although no difference was found in the lung function of the two groups, respiratory symptoms were more common among the children with a history of whooping cough.
We describe a study designed to test the hypothesis that "whooping cough causes respiratory sequelae in some children." The index cases for the study were taken from patients included in the 1977-9 study of whooping cough in West Glamorgan.8
Method
The study followed the same time sequence as the original epidemic, each patient with a history of whooping cough (index case) being seen roughly four and a half years from the time of onset of the whooping cough. The index group consisted of all children who were aged under 12 months at onset, all the rest under 5 years who had complications, and a one in three sample of the remainder-a total of 813 children. Each index case was matched by age and sex with a child in the same class in school but not more than four months each side of the birth date of the index case. A health questionnaire was completed by one of three nurses, first at the home of an index case and then at the home of a possible control, who was accepted if he or she had not had whooping cough. If all possible controls had been exhausted the index case was left out of the study. The children were then examined in school by a different nurse, who was unaware of their identity. Each child's height and weight were taken wearing indoor clothes, without shoes. Forced expiratory volume in one second (FEV,) and forced vital capacity (FVC) were measured in litres using a McDermott spirometer. Seven satisfactory "blows" were recorded. Each instrument was tested and calibrated before each session and corrected for temperature before each child was examined. Testing sessions were carried out by pairs of testers, one acting as an observer. The child nearest in age to the index child was taken as a control and not a "more cooperative child" suggested by the teacher.
Statistical methods-Comparisons of frequencies were made by x2 tests. For 2 x 2 tables, used in the analysis of history of illnesses, we followed the recommendations of Conover9 and of Sokal and Rohlf"°a nd did not correct X2 for continuity; also we conducted several simulation studies, which indicated no need for a continuity correction. Adjusted residual analysis'" was employed to analyse numbers of children per household.
Results
The response rate to the questionnaires was 995 00. Only 67%O of the index children compared with 3020o of the controls had been fully vaccinated against pertussis (area health authority data). Table I gives the mean ages of the index and control groups, sizes of households, and prevalence of smoking, and table II gives the social class distribution. The index and control cases were checked for matching in addition to the initial matching process. Measles, chickenpox, acute bronchitis, pneumonia, hard of hearing, ear infection, hay fever, eczema, and asthma were all significantly more common among the index children than the controls. In particular, 85 (105°,,) of the index children had asthma compared with only 55 (6-8o) of the controls (p = 0006). Mumps, convulsions, meningitis, and serious mental subnormality showed no significant differences. Of the asthmatics, only three (3 50o) in the index group had been fully vaccinated compared with 16 (291 0O) of the controls; this difference was very highly significant (x2 = 18 15; df= 1).
For each respiratory symptom except the first listed in table IV there was a significant excess of index cases. When children with a personal or family history of asthma were excluded (table IV) symptoms 2, 3, and 6 remained highly significant (p < 0-001). Symptoms 4, 5, and 8 became non-significant, and for symptoms 7 and 9 significance was reduced from I°,o to nearer 5 "
CONDITIONS NEEDING HOSPITAL ADMISSION OR OUTPATIENT ATTENDANCE
The number of admissions for both upper and lower respiratory conditions was the same in the two groups before whooping cough in the index cases but significantly greater in the index group after whooping cough (table V) . When children with a personal or family history of asthma, eczema, or hay fever were excluded there remained a significant excess of index cases (26; 667%,) over controls (13; 33-30)) who had had their tonsils or adenoids, or both, removed after whooping cough. This was also the case with ear, nose, and throat conditions in general-46 (76 800) of the index cases compared with 25 (25 4°o) of the controls. Sixteen of the index children were seen as outpatients for asthma after whooping cough (p <0 05?. There were 13 index children with ear infections compared with only three controls (p = 00213 using the binomial distribution). Children The mean heights and weights of each group did not differ significantly even in individual age groups. The mean of the best three readings of FEV, and FVC was used for the analysis.'2 Firstly, the crude mean FEVI, mean FVC, and FEV, x 100/mean FVC (not corrected for height) were compared between the index and control cases, and the average of these figures showed no significant difference.
Nevertheless, when the data were corrected for height (HT2)"3 as well as analysing by age groups a more interesting picture emerged. This is important because whooping cough was worse in the younger children. Since we had matched pairs the corrected control lung function value was subtracted from the corrected index value in each pair and a single sample t test carried out on these differences multiplied by 1000 to minimise rounding error. Table VI gives the results, L,, L2, L3, and L4 referring to each difference in the table.
time" was about three times that of children diagnosed as having asthma. Asthma is reportedly underdiagnosed in the community,24 25 possibly because of the difficulty in diagnosis,26 distinguishing it from other forms of wheezing, and partly due to a reluctance to use the label "asthma." Doctors may be including a personal or family history of asthma as a contraindication to vaccination. The vaccination rate in the index group with asthma was only 3.5%0 compared with 29-1% for the controls. Hu1127 has shown that there is a good deal of uncertainty about how the recommended contraindications52 should be interpreted. Unvaccinated children are more likely to develop whooping cough, and this may explain the excess of asthmatics in the index group. Another possible relation between asthma and whooping cough has been shown in animals, which become particularly sensitive to respiratory stimulants when injected with live or killed Bordetella pertussis. They become hypersensitive to serotonin, bradykinin, acetylcholine, and histamine. 29 The infection induces a hyperactive bronchial state to non-specific stimuli. A block to the . One hundred and sixty of the index children (19-7°o) had had important respiratory complications at the time of whooping coughnamely, asthma (7), haemoptysis (1), acute bronchitis (115), pneumonia (14) , atelectasis (4), and apnoea (19) . Lung function values, however, were within normal limits, even in the asthmatics, in whom there was no evidence of airways obstruction. Nevertheless, we could not be sure if any had received treatment on the day of the test, despite asking the parents to let us know.
Discussion
In view of the considerable controversy about the possible risks'4 -' and benefits'9-22 of pertussis vaccine it was essential to carry out this study with as little bias as possible. Despite our care in interviewing we could not be completely certain that some of our controls had not had whooping cough because the diagnosis of mild cases may sometimes be missed. The response rate from the parents was very good, far better than would have been attained by a postal questionnaire. Also, we find that using a small number of well trained observers engenders interest and achieves a higher standard of recording. 2' In agreement with Johnson et al, we found that the group with a history of whooping cough had more respiratory symptoms than controls. 7 We also found that more of the index children than controls were admitted to hospital and seen as outpatients for respiratory conditions even after the exclusion of children with a personal or family history of asthma. The number of children in the study who "wheezed from time to adrenergic receptors probably occurs in asthma, and the same mechanism may occur in whooping cough and may even lead to asthma. 30 The relevance of coughing without colds in the index group was intriguing. B pertussis is known to attack the ciliated columnar epithelium of the respiratory tract. This mucus membrane in ferrets infected with the influenza virus recovers in about three weeks (Sir Charles Stuart-Harris, personal communication, 1984), but it may not when the basement membrane is destroyed. Lymphoid tissue of the adenoids may become hypertrophied due to infection with a mixed flora of bacteria after the prolonged illness of whooping cough, providing a permanent reservoir of infection for the eustachian tube and middle ear-a common cause of secretory otitis media and deafness in children. Arguably, ear, nose, and throat conditions were more common among the index children because of their higher prevalence of "allergic" conditions. Removal of these children, however, made no difference to the significant excess in the index cases over controls. We know from the 1977-9 epidemic that the younger the child the more serious will be the illness. Screening for Down's syndrome using serum a fetoprotein: a retrospective study indicating caution K SPENCER, P CARPENTER Abstract A report was made on the outcome of a four year retrospective study in 27 064 pregnancies, of the clinical efficiency, sensitivity, and specificity of a screening programme for Down's syndrome based on reported strategies related to the measurement of maternal serum a fetoprotein. This study identified 27 pregnancies affected by Down's syndrome with a median multiple of the median maternal serum a fetoprotein concentration of 0-82. This figure is considerably higher than that obtained from previous reports on this subject. With an age related multiple of the median maternal serum a fetoprotein strategy, 30 8% of Down's affected pregnancies were identified as well as 11 6% of unaffected Introduction Last year two reports were published outlining the possibility of screening for Down's syndrome,' 2 based on observations that in pregnancies affected by Down's syndrome the maternal serum ot fetoprotein concentrations are lower than in unaffected pregnancies. Merkatz et al first showed a relation between fetal trisomic chromosomal abnormalities and low maternal serum x fetoprotein concentrations among 41 affected cases compared with maternal serum x fetoprotein concentrations in a group of normal matched controls.' Similarly Cuckle et al showed that in 61 Down's affected pregnancies the maternal serum x fetoprotein concentration, at 14-20 weeks' gestation was 0-72 multiple of the median for a series of 36 652 singleton
